All relevant data are within the manuscript.

Introduction {#sec001}
============

In an aging society, such as present-day Japan, frailty is a critical issue related to morbidity as well as mortality. Frailty is a common geriatric syndrome that embodies an elevated risk of catastrophic declines in health and function in the elderly. Recent reports indicate that oral health is associated with physical frailty and mortality, hence the term "oral frailty" \[[@pone.0230224.ref001]--[@pone.0230224.ref003]\]. It can lead to dysphagia, dehydration, malnutrition, asphyxia, and aspiration pneumonia, which is one of the most life-threatening concerns for the elderly \[[@pone.0230224.ref004], [@pone.0230224.ref005]\].

The tongue is one of the most important organs related to oral frailty; swallowing dysfunction can lead to aspiration pneumonia and is therefore a critical concern. Quantitative evaluation of oral frailty often requires specialized instruments. Among them, the videofluoroscopic examination (VF) is one of the most reliable and is seen as the gold standard for evaluating the swallowing function. However, VF poses several problems because it requires equipment and carries the risk of radiation exposure and aspiration. A fiberoptic endoscopic evaluation of swallowing is also a gold standard method, which is routinely performed by otolaryngologists or rehabilitation doctors. However, many general physicians do not acquire the skills required to perform the examination. Hence, several simple and non-invasive techniques have been developed for evaluating swallowing function, such as those for measuring tongue pressure and tongue thickness \[[@pone.0230224.ref006]--[@pone.0230224.ref008]\]. For measuring tongue pressure, the instruments are mainly divided into the sensor sheets type and the balloon type. The sensor sheets-type device is attached to the hard palate of patients and they actually swallow liquid or food \[[@pone.0230224.ref009]\]. For the balloon-type device, tongue pressure is measured by having a patient raise the tongue and push on the hard palate \[[@pone.0230224.ref006]--[@pone.0230224.ref008]\]. Studies have reported that lower tongue pressure is a sensitive indicator for detecting swallowing dysfunction in patients who have had strokes and those with certain neurological disorders \[[@pone.0230224.ref010]--[@pone.0230224.ref012]\]. Of note, tongue pressure decreases with age and is significantly lower in frail Japanese elderly persons \[[@pone.0230224.ref007]\].

Tongue thickness is often measured by ultrasonography, which can generate a stable numerical value \[[@pone.0230224.ref013], [@pone.0230224.ref014]\]. It is reported that lower tongue pressure and decreasing tongue thickness measured by ultrasonography are associated with the oral preparatory and transit time measured using VF in amyotrophic lateral sclerosis patients \[[@pone.0230224.ref011], [@pone.0230224.ref013]\]. Tongue ultrasonography is an objective and non-invasive evaluation technique that carries no risk of aspiration.

Several reports have examined measures of tongue pressure in the general population and the elderly, but none have explored how tongue pressure relates to tongue thickness measured by ultrasonography. The aim of this study was to investigate the relationship between tongue thickness and tongue pressure in the Japanese elderly.

Methods {#sec002}
=======

Ethics statement {#sec003}
----------------

The study protocols were approved by the ethics committee of Suiseikai Kajikawa Hospital and performed according to the guidelines of the national government based on the Helsinki Declaration of 1964. Written informed consent was obtained from all patients. All data analyses were blinded so no identifying information was revealed. The individual in this manuscript in Figs [1](#pone.0230224.g001){ref-type="fig"} and [2](#pone.0230224.g002){ref-type="fig"} has given written informed consent (as outlined in PLOS consent form) to publish the case details.

![Measurement of tongue thickness.\
A) The subjects were examined in a 30° reclined position while seated. Tongue thickness was determined as the distance between the upper and lower surfaces of the lingual muscles in the center of the plane perpendicular to the Frankfurt horizontal plane in the frontal section. B) The vertical distance was measured from the surface of the mylohyoid muscle to the tongue dorsum.](pone.0230224.g001){#pone.0230224.g001}

![Measurement of tongue pressure.\
A) The balloon-type equipment consists of a disposable oral probe, an infusion tube as a connector, and a recording device. B) The subjects were asked to place the balloon in their mouths, holding the plastic pipe at the midpoint of their central incisors with closed lips. The subjects were asked to raise their tongue and compress the small balloon with their palate at maximum voluntary effort for 7 seconds.](pone.0230224.g002){#pone.0230224.g002}

Subjects {#sec004}
--------

Consecutive outpatients who visited Suiseikai Kajikawa Hospital between February 1st and July 31st of 2019 were enrolled in this prospective study. We included those patients who consented to participate and were aged 65 years and older with lifestyle-related diseases (such as hypertension, diabetes mellitus, dyslipidemia, and chronic kidney disease). We excluded patients who had a history of otorhinolaryngologic disease (brain, facial, neck, pharyngeal, or laryngeal tumors) and/or neurodegenerative disease. Patients with oral abnormalities, such as tongue-tie; maxillofacial dysfunction, such as trismus; and those with extremity paralysis were also excluded.

Tongue ultrasonography {#sec005}
----------------------

The non-invasive ultrasound examinations were performed by a neurosonologist (M Nakamori) using a Noblus imaging system (Hitachi, Ltd., Tokyo, Japan). Tongue thickness was measured using a 2-8MHz convex array transducer according to a previously reported method, with the device placed under the chin of the participant. The subjects were examined in a 30° reclining position while seated. Tongue thickness was determined by measuring the distance between the upper and lower surfaces of the patient's lingual muscles in the center of the plane perpendicular to the Frankfurt horizontal plane of the frontal section ([Fig 1A](#pone.0230224.g001){ref-type="fig"}). This perpendicular plane intersects the distal surfaces of the bilateral mandibular second premolars. The vertical distance was measured from the surface of the mylohyoid muscle to the tongue dorsum ([Fig 1B](#pone.0230224.g001){ref-type="fig"}). This measurement was performed three times, and the mean value was defined as the tongue thickness for each participant. We confirmed the reliability of tongue ultrasonography by calculating the intra-rater and inter-rater reliability. For investigating intra-rater reliability, we measured the tongue thickness of the normal subject three times per day; their mean value was defined as the tongue thickness for the day. These measurements were repeated for ten days, and the resulting coefficient of variation was 1.59%. To investigate the inter-rater variability, two investigators (M Nakamori and MF) independently measured the tongue thickness of the same 23 normal subjects, and the resulting coefficient of variation was under 1.74%. Bland-Altman analysis was performed, and systematic (fixed and proportional) errors were not detected.

Tongue pressure measurement {#sec006}
---------------------------

Clinical technicians (KO, M Nishino, and AH) measured tongue pressure independently using balloon-type equipment (TPM-01; JMS Co. Ltd., Hiroshima, Japan) on the same day when the patients underwent measurement of tongue thickness using ultrasonography. The balloon-type equipment consisted of a disposable oral probe, an infusion tube as a connector, and a recording device ([Fig 2A](#pone.0230224.g002){ref-type="fig"}). For tongue pressure measurement, the subjects were placed in a relaxed sitting position and asked to place the balloon in their mouths, holding the plastic pipe at the midpoint of their central incisors with closed lips. The subjects were asked to maintain this position as clinicians adjusted the probe and confirmed that it was in the correct position. The subjects were then asked to raise their tongue and compress the small balloon with their palate at maximum voluntary effort for seven seconds as described previously ([Fig 2B](#pone.0230224.g002){ref-type="fig"}) \[[@pone.0230224.ref006], [@pone.0230224.ref015]\]. This measurement was performed three times with the subjects resting for approximately 30 seconds and rinsing their mouths between each measurement. The highest value from the three measurements was defined as the tongue pressure for each subject. The reliability of intraindividual measurement has been previously reported \[[@pone.0230224.ref010], [@pone.0230224.ref016]\].

Data acquisition {#sec007}
----------------

Patient characteristics, including age, gender, body mass index (BMI), past history of comorbidities (hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease), grip power, lower leg circumference, serum albumin, tongue pressure, and tongue thickness were evaluated. Hypertension was defined as the use of anti-hypertensive medication or confirmed blood pressure of ≥ 140/90 mmHg at rest. Diabetes mellitus was defined as a glycated hemoglobin level of ≥ 6.5%, fasting blood glucose level of ≥ 126 mg/dl, or use of anti-diabetes medication. Dyslipidemia was defined as a total cholesterol level of ≥ 220 mg/dl, low-density lipoprotein cholesterol level of ≥ 140 mg/dl, high-density lipoprotein cholesterol level of \< 40 mg/dl, triglyceride levels of ≥ 150 mg/dl, or use of anti-hyperlipidemia medication. Renal functioning was calculated with the estimated glomerular filtration rate (eGFR) using a revised equation for the Japanese population as follows: eGFR (ml min−1 1.73 m−2) = 194 × (serum creatinine)−1.094 × (age)−0.287 × 0.739 (for women) \[[@pone.0230224.ref017]\]. Chronic kidney disease was defined as an eGFR \< 60 ml min−1 1.73 m−2. Grip power was measured for both sides and the mean value was used for analysis. Lower leg circumference was measured at the thickest place at both sides and the mean value was used for analysis. Additionally, swallowing was evaluated using the Food Intake LEVEL Scale (FILS), which was administered by two physicians (YH and HM) \[[@pone.0230224.ref018]\]. FILS is a 10-point observer-rating scale to measure the severity of swallowing dysfunction. Its convergent validity and intra-rater and inter-rater reliability have been established with the Functional Oral Intake Scale.

Statistical analysis {#sec008}
--------------------

The data were expressed as the mean ± standard deviation for continuous variables and frequencies and percentages for discrete variables. Statistical analysis was performed using JMP 13 statistical software (SAS Institute Inc., Cary, NC, USA). The statistical significance of intergroup differences was assessed using unpaired *t-*tests or χ^2^ tests as appropriate. We calculated the required sample size according to past investigations for the tongue thickness and tongue pressure in amyotrophic lateral sclerosis \[[@pone.0230224.ref011], [@pone.0230224.ref013]\]. Based on an alpha level = 0.05, and power = 0.80, we estimated that we would require a total of n = 212 participants. The baseline data for the subjects were analyzed, and two-step strategies were employed to assess the relative importance of variables in their association with tongue thickness using least square linear regression analysis. First, a univariate analysis was performed. Then, a multifactorial least-square linear regression analysis was performed with selected factors that had *p* \< 0.20 on the univariate analysis. Tongue thickness and tongue pressure were compared by five-year age increments. The data were analyzed with a one-way analysis of variance and Tukey's honestly significant difference (HSD) test. Receiver operating characteristic (ROC) analysis was performed to determine the tongue thickness predicting a tongue pressure \< 20kPa, which suggests swallowing dysfunction. We considered *p* \< 0.05 as statistically significant.

Results {#sec009}
=======

We evaluated 254 elderly patients, whose backgrounds are shown in [Table 1](#pone.0230224.t001){ref-type="table"}. Tongue thickness, tongue pressure, grip power, and lower leg circumference were all markedly different between the male group and the female group. To account for a disproportionate physique owing to normal differences between males and females, results were analyzed separately by sex.

10.1371/journal.pone.0230224.t001

###### Japanese elder participants' health-related factors in tongue thickness study.

![](pone.0230224.t001){#pone.0230224.t001g}

                                      All           Male          Female        
  ----------------------------------- ------------- ------------- ------------- ----------------------------------------------
  Age                                 77.9 ± 6.3    76.9 ± 5.8    79.5 ± 6.7    0.001[\*](#t001fn001){ref-type="table-fn"}
  Body mass index, kg/m^2^            23.2 ± 3.0    23.3 ± 2.8    23.2 ± 3.2    0.776
      Hypertension, n (%)             207 (81.5)    129 (79.1)    78 (85.7)     0.196
      Diabetes mellitus, n (%)        51 (20.0)     35 (21.5)     16 (17.6)     0.458
      Dyslipidemia, n (%)             172 (67.7)    104 (63.8)    68 (74.7)     0.074
      Chronic kidney disease, n (%)   48 (18.9)     33 (20.3)     15 (16.5)     0.463
  Grip power, kg                      24.2 ± 8.7    28.8 ± 6.9    15.9 ± 4.5    \<0.001[\*](#t001fn001){ref-type="table-fn"}
  Lower leg circumference, cm         33.6 ± 3.3    34.4 ± 3.2    32.1 ± 2.8    \<0.001[\*](#t001fn001){ref-type="table-fn"}
  Serum albumin, g/dl                 4.1 ± 0.3     4.1 ± 0.3     4.1 ± 0.4     0.345
  Tongue pressure, kpa                35.7 ± 10.6   37.4 ± 10.2   32.5 ± 10.5   \<0.001[\*](#t001fn001){ref-type="table-fn"}
  Tongue thickness, mm                41.9 ± 2.8    42.4 ± 2.6    40.9 ± 2.8    \<0.001[\*](#t001fn001){ref-type="table-fn"}
  Food Intake LEVEL Scale             10 (8, 10)    10 (8, 10)    10 (8, 10)    0.510

\*p \< 0.05.

Scatter plots were used to display tongue thickness and tongue pressure by sex. Linear regression analyses indicated that tongue thickness was linearly associated with tongue pressure in both sexes (male; coefficient 0.202, 95% confidence interval 0.182--0.223, *p* \< 0.001; [Fig 3A](#pone.0230224.g003){ref-type="fig"}, female; coefficient 0.202, 95% confidence interval 0.182--0.223, *p* \< 0.001; [Fig 3B](#pone.0230224.g003){ref-type="fig"}).

![The association of tongue thickness with tongue pressure.\
In the elderly, tongue thickness is shown to be associated with tongue pressure A) in males (*p* \< 0.001) and B) in females (*p* \< 0.001); ●, male; ○, female.](pone.0230224.g003){#pone.0230224.g003}

The potential factors associated with tongue thickness and the FILS scores are listed in [Table 1](#pone.0230224.t001){ref-type="table"} were evaluated using multifactorial regression analysis by sex. In the male group, dyslipidemia, lower leg circumference, and tongue pressure were independently significant in their association with tongue thickness (adjusted R^2^ = 0.653, *p* \< 0.001, n = 163) ([Table 2A](#pone.0230224.t002){ref-type="table"}). In the female group, body mass index and tongue pressure were independently significant in their association with tongue thickness (adjusted R^2^ = 0.707, *p* \< 0.001, n = 91) ([Table 2B](#pone.0230224.t002){ref-type="table"}).

10.1371/journal.pone.0230224.t002

###### Factors influencing tongue thickness in Japanese elders.

![](pone.0230224.t002){#pone.0230224.t002g}

  ------------------------- ------------ -------------- ----------------- ----------------------------------------------
  A                                                                       
  Male                      Univariate   Multivariate                     
                            p-value      coefficient    95% CI            p-value
  Age                       \<0.001      -0.001         -0.050--0.047     0.962
  Body mass index           \<0.001      0.070          -0.057--0.198     0.277
  Hypertension              0.937                                         
  Diabetes mellitus         0.174        -0.266         -0.564--0.032     0.080
  Dyslipidemia              0.032        -0.264         -0.519 - -0.001   0.043[\*](#t002fn001){ref-type="table-fn"}
  Chronic kidney disease    0.406                                         
  Grip power                \<0.001      0.032          -0.011--0.075     0.141
  Lower leg circumference   \<0.001      0.192          0.065--0.319      0.003[\*](#t002fn001){ref-type="table-fn"}
  Serum albumin             \<0.001      0.541          -0.391--1.473     0.253
  Tongue pressure           \<0.001      0.142          0.114--0.169      \<0.001[\*](#t002fn001){ref-type="table-fn"}
  B                                                                       
  Female                    Univariate   Multivariate                     
                            p-value      coefficient    95% CI            p-value
  Age                       \<0.001      -0.004         -0.067--0.059     0.896
  Body mass index           \<0.001      0.195          0.053--0.337      0.008[\*](#t002fn001){ref-type="table-fn"}
  Hypertension              0.776                                         
  Diabetes mellitus         0.336                                         
  Dyslipidemia              0.989                                         
  Chronic kidney disease    0.474                                         
  grip power                \<0.001      0.073          -0.019--0.164     0.118
  lower leg circumference   \<0.001      0.082          -0.094--0.258     0.359
  Serum albumin             0.077        0.394          -0.569--1.357     0.419
  Tongue pressure           \<0.001      0.171          0.135--0.207      \<0.001[\*](#t002fn001){ref-type="table-fn"}
  ------------------------- ------------ -------------- ----------------- ----------------------------------------------

\*p \< 0.05 on multivariate analysis.

Tongue thickness was compared by five-year age increments for each sex ([Fig 4](#pone.0230224.g004){ref-type="fig"}). These data suggested that tongue thickness significantly decreased by age in each sex (*p* \< 0.001). In addition, tongue pressure was compared by five-year age increments for each sex ([Fig 5](#pone.0230224.g005){ref-type="fig"}). These data suggested that tongue pressure also significantly decreased by age in each sex (*p* \< 0.001). Tukey's HSD tests revealed that both tongue thickness and tongue pressure remarkably decreased in patients over 85 years old.

![Tongue thickness by age and sex.\
A) Tongue thickness by five-year age increments in males. Tongue thickness significantly decreased with increased age (*p* \< 0.001). B) Tongue thickness by five-year age increments in females. Tongue thickness was significantly decreased with increased age (*p* \< 0.001). \**p* \< 0.05 by Tukey's honestly significant difference test.](pone.0230224.g004){#pone.0230224.g004}

![Tongue pressure by age and sex.\
A) Tongue pressure by five-year age increments in males. Tongue pressure significantly decreased with increased age (*p* \< 0.001). B) Tongue pressure by five-year age increments in females. Tongue pressure significantly decreased with increased age (*p* \< 0.001). \**p* \< 0.05 by Tukey's honestly significant difference test.](pone.0230224.g005){#pone.0230224.g005}

Several previous reports suggested that using the JMS balloon-type device, the tongue pressure of patients with swallowing dysfunction was observed to be approximately \< 20 kPa \[[@pone.0230224.ref010]--[@pone.0230224.ref012]\]. The optimal cutoff for tongue thickness to predict the tongue pressure \< 20 kPa was 41.3 mm in male from the ROC analysis (χ^2^ = 24.48, *p* \< 0.001, sensitivity 100.0%, specificity 68.4%, AUC = 0.91), and 39.3 mm in female from the ROC analysis (χ^2^ = 32.29, *p* \< 0.001, sensitivity 91.7%, specificity 82.3%, AUC = 0.92).

Finally, the potential factors associated with the FILS scores were evaluated using multifactorial regression analysis by sex. In both the male and female group, only tongue pressure was significantly associated with the FILS scores (male; adjusted R^2^ = 0.592, *p* \< 0.001, n = 163: [Table 3A](#pone.0230224.t003){ref-type="table"}, female; adjusted R^2^ = 0.764, *p* \< 0.001, n = 9: [Table 3B](#pone.0230224.t003){ref-type="table"}).

10.1371/journal.pone.0230224.t003

###### Factors associated with the scores for the food intake LEVEL scale.

![](pone.0230224.t003){#pone.0230224.t003g}

  ------------------------- ------------ -------------- --------------- ----------------------------------------------
  **A**                                                                 
  Male                      Univariate   Multivariate                   
                            p-value      coefficient    95% CI          p-value
  Age                       0.005        -0.001         -0.013--0.012   0.909
  Body mass index           0.059        0.028          -0.062--0.007   0.116
  Hypertension              0.209                                       
  Diabetes mellitus         0.359                                       
  Dyslipidemia              0.482                                       
  Chronic kidney disease    0.876                                       
  Grip power                0.002        0.002          -0.010--0.013   0.757
  Lower leg circumference   \<0.001      0.026          -0.009--0.061   0.148
  Serum albumin             0.010        0.032          -0.218--0.282   0.800
  Tongue pressure           \<0.001      0.013          0.003--0.022    0.009[\*](#t003fn001){ref-type="table-fn"}
  Tongue thickness          \<0.001      0.028          -0.014--0.070   0.191
  **B**                                                                 
  Female                    Univariate   Multivariate                   
                            p-value      coefficient    95% CI          p-value
  Age                       0.001        -0.005         -0.021--0.010   0.514
  Body mass index           0.269                                       
  Hypertension              0.100        0.050          -0.068--0.168   0.400
  Diabetes mellitus         0.690                                       
  Dyslipidemia              0.748                                       
  Chronic kidney disease    0.225                                       
  Grip power                0.003        0.008          -0.014--0.029   0.467
  Lower leg circumference   0.085        0.013          -0.048--0.022   0.465
  Serum albumin             0.220                                       
  Tongue pressure           \<0.001      0.030          0.017--0.043    \<0.001[\*](#t003fn001){ref-type="table-fn"}
  Tongue thickness          \<0.001      0.020          -0.073--0.032   0.438
  ------------------------- ------------ -------------- --------------- ----------------------------------------------

\*p \< 0.05 on multivariate analysis.

Discussion {#sec010}
==========

In the present study, we investigated the tongue thickness of elder Japanese patients using ultrasonography. We focused on reasonably healthy elderly patients who have a few lifestyle diseases. Our results showed that tongue thickness was independently associated with tongue pressure and lower leg circumference in males, and tongue pressure and body mass index in females. A decrease of lower leg circumference or body mass index is also known to be related to sarcopenia which leads to frailty. In addition, it has been reported that tongue pressure is significantly reduced in frail elderly Japanese persons \[[@pone.0230224.ref007]\]. Hence, decreased tongue thickness may also be one of the signs of frailty.

Tongue thickness and tongue pressure significantly decreased with age in each sex. In our analysis, the decrease was most remarkable in participants over 85 years old. These results allude to the rate of progression of tongue muscle atrophy due to aging. We generally judge tongue atrophy by visual examination, but it is fairly subjective, depending on the opinion of the examiner. In contrast, measurement with ultrasonography is quantitative and objective. Several previous reports have suggested that the tongue pressure of patients with swallowing dysfunction was observed to be approximately \< 20 kPa \[[@pone.0230224.ref010]--[@pone.0230224.ref012]\] using the JMS balloon-type device. ROC analysis of the results of our study revealed that the optimal cutoff for tongue thickness to predict tongue pressure of \< 20 kPa is 41.3 mm for males and 39.3 mm for females. There are three main types of balloon-based tongue pressure measurement devices: the KayPENTAX device, the Iowa Oral Performance Instrument (IOPI), and the JMS Co. device. The JMS device, which is commonly used in Japan, shows lower values than the other balloon-based devices, but said values can be correlated linearly \[[@pone.0230224.ref006]\]. The IOPI is often used internationally, and shows the relationship between tongue pressure and age, which is consistent with our findings \[[@pone.0230224.ref019]\].

We compared the actual swallowing state and baseline factors using FILS. FILS was associated with tongue pressure but not tongue thickness. In this study, all patients scored 8 or more on the FILS, which indicates the patients can eat three meals by excluding food that is particularly difficult to swallow. Tongue pressure is superior to tongue thickness to detect early or mild swallowing dysfunction.

One serious concern related to oral frailty is that elderly people often develop aspiration pneumonia. Aspiration pneumonia is caused by many factors such as oral environment, swallowing dysfunction, decreased cough reflex, and immunodepression. These factors are associated with oral frailty \[[@pone.0230224.ref020]\]. Additionally, decreased tongue strength is associated with sarcopenia and contributes to oral frailty \[[@pone.0230224.ref021]\]. A reduction in tongue strength has been associated with an increased risk for aspiration as it increases the likelihood of bolus retention in the pharynx \[[@pone.0230224.ref022]\]. While tongue pressure as measured at approximately 20 kPa is a cutoff value for swallowing dysfunction, many people who meet that description do not report significant oral dysfunction or experience dysphagia \[[@pone.0230224.ref011], [@pone.0230224.ref012]\]. For early detection, measurements of tongue thickness and tongue pressure should be performed as routine screening measures in the general elderly population. However, the measurement of tongue pressure requires a patient to be capable of comprehending the process and to actively participate while following instructions. Patients with dementia, for example, may not be able to undergo tongue pressure measurements. For these patients, tongue thickness measurements might be useful as a more suitable screening test. Rehabilitation for raising tongue pressure has been developed and reported as effective for the general elderly population \[[@pone.0230224.ref023]\]. Moreover, it has been shown that the maintenance of body weight by nutritional intervention may inhibit the progression of tongue atrophy \[[@pone.0230224.ref013]\]. Nutritional care is also important for preventing oral and systemic frailty.

This study, while encouraging, also has limitations. First, the measurements were not compared with actual oral dysfunction or gold standard methods such as VF. In amyotrophic lateral sclerosis patients, it has been reported that tongue thickness and tongue pressure show an association in VF temporary analysis, especially in oral preparatory and transit time \[[@pone.0230224.ref011], [@pone.0230224.ref013]\]. However, in the general elderly, there are only limited opportunities to perform VF. In this study, we evaluated the FILS and investigated its relationship with tongue pressure and tongue thickness. Second, in the present study, tongue thickness of older participants was not compared with that of younger healthy subjects. Data exists regarding tongue pressure, as it has been measured in all ages. Further studies are needed to measure the tongue thickness in a general population including all ages. Third, we could not evaluate sleep apnea in the subjects of this study. It has been reported that people with sleep apnea have decreased tongue strength and increased tongue thickness due to excessive fat deposition, which causes tongue collapse \[[@pone.0230224.ref024], [@pone.0230224.ref025]\]. In the present study, there were 3 subjects whose BMI was over 30 kg/m^2^ and were not diagnosed with obstructive sleep apnea hypopnea syndrome (OSAHS). However, we did not perform a polysomnography on all subjects. In future research, sleep apnea should be considered when studying the swallowing function.

Conclusion {#sec011}
==========

In the Japanese elderly, tongue thickness, as measured using ultrasonography, is associated with tongue pressure. Decreases in both tongue thickness and tongue pressure occur in aging patients and may be sensitive markers of oral frailty. Oral frailty decreases tongue pressure and tongue thickness, which leads to systemic frailty and, finally, to increased morbidity and mortality. Early detection using such instruments might be important in preventing the progression of frailty.

We would like to sincerely thank the staff at the Suiseikai Kajikawa Hospital for their technical assistance.
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1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors investigated the relationship between tongue thickness and tongue pressure in 254 Japanese elderly persons. The structure is adequate, the methods/results are well-written. Some points have to be addressed.

1\. Reduce the size of the introduction. Focus on the importance of the topic and why it is important to conduct this study.

2\. Some points of the discussion (sentences about aspirations, etc.) need to be replace in the introduction to shed light the importance of the topic. Please, in the discussion only focus of the discussion of your results.

3\. The main weakness of this study is the lack of swallowing and aspiration evaluations. It\'s interesting to study the tongue size & pressure but it\'s needed for a practical idea. Here, there were no relationship with dysphagia or aspiration, which seem to be very important point associated with elderly frailty and morbi-mortality in case of disorder.

Reviewer \#2: This study is very interesting. The authors evaluate the thickness of the tongue as an expression of "oral frailty" and as possible swallowing disorder. I think that the role of tongue in dysphagia should be better described in the text. In particular describe how a reduced tongue strength can cause inhalation risk.

The statistical analysis been performed appropriately and rigorously. It would be interesting to know if the sample size estimation and power analysis was calculated. The limitations of the study are well described.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Submitted filename: Comments of reviewer.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0230224.r002

Author response to Decision Letter 0

26 Jun 2020

We appreciate your advice. The manuscript has been revised as follows.

Response to the editor

Comment 1: Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Response 1: We have ensured that the manuscript meets PLOS ONE\'s style requirements.

Comment 2: We note that Figures 1 and 2 include an image of a \[patient / participant / in the study\]. As per the PLOS ONE policy (<http://journals.plos.org/plosone/s/submission-guidelines#loc-human-subjects-research>) on papers that include identifying, or potentially identifying, information, the individual(s) or parent(s)/guardian(s) must be informed of the terms of the PLOS open-access (CC-BY) license and provide specific permission for publication of these details under the terms of this license. Please download the Consent Form for Publication in a PLOS Journal (<http://journals.plos.org/plosone/s/file?id=8ce6/plos-consent-form-english.pdf>). The signed consent form should not be submitted with the manuscript, but should be securely filed in the individual\'s case notes. Please amend the methods section and ethics statement of the manuscript to explicitly state that the patient/participant has provided consent for publication: "The individual in this manuscript has given written informed consent (as outlined in PLOS consent form) to publish these case details".　If you are unable to obtain consent from the subject of the photograph, you will need to remove the figure and any other textual identifying information or case descriptions for this individual.

Response 2: We downloaded the Consent Form for Publication and the signed consent form is filed securely with our research documents. We amended the "Ethics Statement" in the "Methods" section to include the statement you provided.

Page 6, Lines 82-84

The individual in this manuscript in Figures 1 and 2 has given written informed consent (as outlined in PLOS consent form) to publish the case details.

Comment 3: Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

Response 3: We included captions for the supporting information files at the end of the manuscript but before the references, due to our use of reference management software and the desire to have our captions recognized as text and not citations. No in-text citations were provided for the supporting information.

Response to the reviewers

Reviewer \#1: The authors investigated the relationship between tongue thickness and tongue pressure in 254 Japanese elderly persons. The structure is adequate, the methods/results are well-written. Some points have to be addressed.

Comment 1: Reduce the size of the introduction. Focus on the importance of the topic and why it is important to conduct this study.

Response 1: We focused the introduction on the importance of the topic and deleted the sentences containing general information. Because another reviewer recommended adding an explanation of swallowing evaluation and tongue pressure to the introduction, we added the explanation.

Comment 2: Some points of the discussion (sentences about aspirations, etc.) need to be replace in the introduction to shed light the importance of the topic. Please, in the discussion only focus of the discussion of your results.

Response 2: We revised the introduction to shed light on the importance of the topic. We also rewrote the discussion section to focus solely on the discussion of our results.

Comment 3: The main weakness of this study is the lack of swallowing and aspiration evaluations. It\'s interesting to study the tongue size & pressure but it\'s needed for a practical idea. Here, there were no relationship with dysphagia or aspiration, which seem to be very important point associated with elderly frailty and morbi-mortality in case of disorder.

Response 3: As we mentioned in the limitations, we could not perform gold standard methods such as VF because the subjects were outwardly almost healthy patients. However, we evaluated participants using the 'Food Intake LEVEL Scale (FILS),' which is a scale for oral intake. We added the FILS as baseline data and re-analyzed the results. We show the relationship between FILS and baseline data in Table 3, and explained the relationship in the "Results" section. Below is the relevant text from the "Methods" and "Results" sections:

Page 10, Lines 159-162

Additionally, swallowing was evaluated using the Food Intake LEVEL Scale (FILS), which was administered by two physicians (YH and HM) \[18\]. FILS is a 10-point observer-rating scale to measure the severity of swallowing dysfunction, with lower scores indicating higher levels of dysfunction. Its convergent validity and intra-rater and inter-rater reliability have been established with the Functional Oral Intake Scale.

Page 15, Lines 237-240

Finally, the potential factors associated with the FILS scores were evaluated using multifactorial regression analysis by sex. In both the male and female group, only tongue pressure was significantly associated with the FILS scores (male; adjusted R2 = 0.592, p \< 0.001, n = 163: Table 3A, female; adjusted R2 = 0.764, p \< 0.001, n = 9: Table 3B).

Reviewer \#2: This study is very interesting. The authors evaluate the thickness of the tongue as an expression of "oral frailty" and as possible swallowing disorder. I think that the role of tongue in dysphagia should be better described in the text. In particular describe how a reduced tongue strength can cause inhalation risk.

The statistical analysis been performed appropriately and rigorously. It would be interesting to know if the sample size estimation and power analysis was calculated. The limitations of the study are well described.

In this study, the authors evaluate the thickness of the tongue as an expression of "oral frailty" and as possible swallowing disorder.

Abstract.

Comment 1: Page 3, lines 33, 34. The sentence: "The tongue ultrasonography provides a less invasive technique for determining tongue thickness and related aspiration risks for elderly patients". The authors should better explain or change the second part of this claim. Does the tongue ultrasonography provide a technique for determining aspiration risks?

Response 1: We appreciate your suggestion. We rewrote the sentence as follows.

Page 3, lines 38-40

We conclude that tongue ultrasonography provides a less invasive technique for determining tongue thickness and predicts oral frailty for elderly patients.

Introduction.

Comment 2: Page 4, lines 56, 57. VF is not performed in some centers, but currently it is performed routinely in many hospitals. You should change the sentence: "...However, VF is a specialized method that is not routinely performed with the general population\...".

Response 2: We appreciate your suggestion. We rewrote the sentence as follows.

Page 4, Lines 53-54

However, VF poses several problems because it requires equipment and carries the risk of radiation exposure and aspiration.

Comment 3: Page 4, lines 57, 58. "Hence, several simple and non-invasive techniques have been developed for evaluating swallowing function...". A non invasive techniques for evaluating swallowing function is the Fiberoptic Endoscopic Evaluation of Swallowing (FEES) that is a gold standard for evaluation of pharyngeal phase of swallowing. You should add this exam with its bibliography to the introduction.

Response 3: We appreciate your suggestion. We rewrote the sentence as follows.

Pages 4-5, Lines 54-59

A fiberoptic endoscopic evaluation of swallowing is also a gold standard method, which is routinely performed by otolaryngologists or rehabilitation doctors. However, many general physicians do not acquire the skills required to perform the examination. Hence, several simple and non-invasive techniques have been developed for evaluating swallowing function, such as those for measuring tongue pressure and tongue thickness.

Comment 4: Page 4, lines 59, 60. You should describe some instrumental methods of measuring the tongue pressure with the relative bibliography.

Response 4: We appreciate your suggestion. We added the description as follows.

Pages 4-5, Lines 59-63

For measuring tongue pressure, the instruments are mainly divided into the sensor sheets type and the balloon type. The sensor sheets-type device is attached to the hard palate of patients and they actually swallow liquid or food \[9\]. For the balloon-type device, tongue pressure is measured by having a patient raise the tongue and push on the hard palate \[6-8\].

Mathods. Subjects.

Comment 5: Page 5, lines 82-85. What are the inclusion and exclusion criteria? What does it mean: "chronic disease"? "We excluded patients who had a history of otorhinolaryngologic disease". Which ENT diseases have been excluded?

Response 5: Chronic diseases are lifestyle-related diseases (such as hypertension, diabetes mellitus, dyslipidemia). Otorhinolaryngologic disease is a pharyngeal or laryngeal tumor.

We rewrote the inclusionary and exclusionary criteria:

Page 6, Lines 87-91

We included those patients who consented to participate and were aged 65 years and older with lifestyle-related diseases (such as hypertension, diabetes mellitus, dyslipidemia). We excluded patients who had a history of otorhinolaryngologic disease (pharyngeal or laryngeal tumor) and/or neurodegenerative disease. Patients with paralysis were also excluded.

Statistical analysis.

Comment 6: In your study how the sample size estimation and power analysis was calculated?

Response 6: We appreciate your suggestion about statistical methods to make solid conclusions. We calculated the sample size according to the past investigations for the tongue thickness and tongue pressure in amyotrophic lateral sclerosis. We rewrote sentences in the "Statistical analysis" subsection of the "Methods" section as follows.

Pages 10-11, Lines 167-170

We calculated the required sample size according to past investigations for the tongue thickness and tongue pressure in amyotrophic lateral sclerosis \[11,13\]. Based on an alpha level = 0.05, and power = 0.80, we estimated that we would require a total of n = 212 participants.

Discussion.

Comment 7: Page 15, lines 250, 251. "One serious concern related to oral frailty is that elderly people often developed aspiration pneumonia". You should better explain how oral frailty can develop aspiration pneumonia. What are the pathophysiological mechanisms? Can oral frailty cause aspiration pneumonia even in elderly people without neurodegenerative diseases? Is this pathological mechanism present in presbyphagia? The alteration of the oral phase of swallowing and the consequent premature spillage, can be the cause of increased risk of aspiration in the elderly people? You should better explain these mechanisms and add the related references.

Response 7: We appreciate your suggestion. We added an explanation of the relationship between oral frailty and aspiration pneumonia in the "Discussion" section.

Page 18, Lines 273-279

One serious concern related to oral frailty is that elderly people often developed aspiration pneumonia. Aspiration pneumonia is caused by many factors such as oral environment, swallowing dysfunction, decreased cough reflex, and immunodepression. These factors are associated with oral frailty \[19\]. Additionally, decreased tongue strength is associated with sarcopenia and contributes to oral frailty \[20\]. A reduction in tongue strength has been associated with an increased risk for aspiration as it increases the likelihood of bolus retention in the pharynx \[21\].
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PONE-D-20-05211R1

Tongue thickness measured by ultrasonography is associated with tongue pressure in the Japanese elderly

PLOS ONE

Dear Dr. Nakamori,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please submit your revised manuscript by Aug 20 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Giovanni Cammaroto

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

Reviewer \#3: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: (No Response)

Reviewer \#3: This is a very interesting manuscript with a good scientific method to develop. Statistics are ok. All data are provided properly, and language is correct.All data underlying the findings described in their manuscript are fully available without restriction.Language is correct clear and unambiguous.

I would like to introduce some issues to take into account with authors:

1)line 91 introduction what kind of paralysis?

Patients with tongue tie could not perform this test properly so they should be excluded.

otorhinolaryngologic disease (pharyngeal or laryngeal

tumor) (what happens with maxylofacial tumor if there is any trismus present you can not do the test. It will be beter history of head and neck neoplams.

2\) Patients with sleep apnea syndrome had a different behavior with your conclusions. They have the lowest strength in the tongue and are correlated with increase tongue thickness. I will recommend you to read and include some reference to.

Wang SH, Keenan BT, Wiemken A, et al. Effect of Weight Loss on Upper Airway Anatomy and the Apnea-Hypopnea Index. The Importance of Tongue Fat. Am J Respir Crit Care Med. 2020;201(6):718-727 doi:10.1164/rccm.201903-0692OC

O\'Connor-Reina C, Plaza G, Garcia-Iriarte MT, et al. Tongue peak pressure: a tool to aid in the identification of obstruction sites in patients with obstructive sleep apnea/hypopnea syndrome. Sleep Breath. 2020;24(1):281-286 doi:10.1007/s11325-019-01952-x

This kind of patients should be excluded from your study, or you should do some special emphasis in the discussion. OSAHS is another lifestyle related diseases commonly affect older patients. Your sample has normal BMI if they were overweight, do you think your conclusions will be fullfilled?.

3\) There are many publications with IOPI to measure tongue strength in the world literature I suggested you could include some of them Their conclusions are similar as yours in the relationship with tongue strenght and age.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0230224.r004

Author response to Decision Letter 1

10 Jul 2020

We sincerely appreciate the reviewer's advice. Based on such suggestions, the manuscript has been revised as follows.

Reviewer \#3:

This is a very interesting manuscript with a good scientific method to develop. Statistics are ok. All data are provided properly, and language is correct. All data underlying the findings described in their manuscript are fully available without restriction. Language is correct clear and unambiguous. I would like to introduce some issues to take into account with authors.

Response to the reviewer

Comment 1: line 91 introduction what kind of paralysis? Patients with tongue tie could not perform this test properly so they should be excluded. otorhinolaryngologic disease (pharyngeal or laryngeal

tumor) (what happens with maxylofacial tumor if there is any trismus present you can not do the test. It will be beter history of head and neck neoplams.

Response 1: We appreciate this comment. By 'paralysis,' we meant extremity paralysis, which is indicated in the manuscript (e.g. Line 92). Upon your suggestion, we excluded these patients from the study. Furthermore, we described the exclusion criteria in detail as follows:

Page 6, Lines 89-93: We excluded patients who had a history of otorhinolaryngologic disease (brain, facial, neck, pharyngeal, or laryngeal tumors) and/or neurodegenerative disease. Patients with oral abnormalities, such as tongue-tie; maxillofacial dysfunction, such as trismus; and those with extremity paralysis were also excluded.

Comment 2: Patients with sleep apnea syndrome had a different behavior with your conclusions. They have the lowest strength in the tongue and are correlated with increase tongue thickness. I will recommend you to read and include some reference to. Wang SH, Keenan BT, Wiemken A, et al. Effect of Weight Loss on Upper Airway Anatomy and the Apnea-Hypopnea Index. The Importance of Tongue Fat. Am J Respir Crit Care Med. 2020;201(6):718-727 doi:10.1164/rccm.201903-0692OCO\' Connor-Reina C, Plaza G, Garcia-Iriarte MT, et al. Tongue peak pressure: a tool to aid in the identification of obstruction sites in patients with obstructive sleep apnea/hypopnea syndrome. Sleep Breath. 2020;24(1):281-286 doi:10.1007/s11325-019-01952-x. This kind of patients should be excluded from your study, or you should do some special emphasis in the discussion. OSAHS is another lifestyle related diseases commonly affect older patients. Your sample has normal BMI if they were overweight, do you think your conclusions will be fullfilled?.

Response 2: We thank the reviewer for these suggestions. There were 3 subjects in our study whose BMI was over 30 kg/m2 and who were not diagnosed with OSAHS. However, we did not perform a polysomnography on all subjects. Thus, this was indicated as a limitation of the study in the Discussion section. Upon your suggestion, we referred the articles recommended in our manuscript. We also considered racial difference, which was mentioned in the Discussion section.

Page 20, Lines 326-332: Third, we could not evaluate sleep apnea in the subjects of this study. It has been reported that people with sleep apnea have decreased tongue strength and increased tongue thickness due to excessive fat deposition, which causes tongue collapse \[24,25\]. In the present study, there were 3 subjects whose BMI was over 30 kg/m2 and were not diagnosed with obstructive sleep apnea hypopnea syndrome (OSAHS). However, we did not perform a polysomnography on all subjects. In future research, sleep apnea should be considered when studying the swallowing function.

Comment 3: There are many publications with IOPI to measure tongue strength in the world literature. I suggested you could include some of them. Their conclusions are similar as yours in the relationship with tongue strenght and age.

Response 3: We appreciate this suggestion. We mentioned the IOPI in the manuscript as follows:

Page 18, Lines 277-282: There are three main types of balloon-based tongue pressure measurement devices: the KayPENTAX device, the Iowa Oral Performance Instrument (IOPI), and the JMS Co. device. The JMS device, which is commonly used in Japan, shows lower values than the other balloon-based devices, but said values can be correlated linearly \[6\]. The IOPI is often used internationally, and shows the relationship between tongue pressure and age, which is consistent with our findings \[19\].
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PONE-D-20-05211R2

Dear Dr. Nakamori,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Giovanni Cammaroto

Academic Editor

PLOS ONE
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Reviewers\' comments:
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PONE-D-20-05211R2

Tongue thickness measured by ultrasonography is associated with tongue pressure in the Japanese elderly

Dear Dr. Nakamori:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Giovanni Cammaroto

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.
